Fifteen field populations of Plasmodiophora brassicae Woronin (Williams' races 1, 4, and 9) from seven prefectures in Japan were compared by banding patterns of isozymes and soluble proteins from resting spores. When 20 enzymes were examined by electrophoresis on cellulose acetate membrane, 15 enzymes showed activity with acceptable resolution of bands and 11 of them were polymorphic, and seven electrophoretic phenotypes were detected among 15 populations. 
INTRODUCTION
Plasmodiophora brassicae Woronin is a soil-born fungus causing clubroot disease on cruciferous plants. Many field populations (isolates) with different pathogenicity are present in this fungus. The presence of physiologic races was first alluded by Honig6) and thereafter various race-classification systems were proposed by many workers1, 4, 7, 13, 23, 24) . At the present, the systems established by Williams23) and Buczacki et al.4) are used worldwide. However, the genetic basis of physiologic races determined by these systems have been still poorly understood.
Break down of clubroot-resistant (CR) cultivars of Chinese cabbage has recently become a problem in Japan20, 26) . Populations of the clubroot fungus pathogenic and non-pathogenic to these cultivars have been known. Tanaka et al.20) reported that the pathogenic and non-pathogenic populations in Yamaguchi Pref. were identified as Williams' race 9 and race 4, respectively. On the other hand, Yoshikawa et al.26) reported that all of pathogenic populations were identified to be Williams' race 4 and that these pathogenic and nonpathogenic populations were undistinguishable by raceidentification systems of Williams23) and Buczacki et al.4) These results suggest that the genetic basis of the pathogenic variation of this fungus is extremely complicated.
Genetically controlled markers such as enzymes and cellular soluble proteins, have been used widely in studies of fungal identification and genetic diversity2, 14, 21) The relationship between isozyme variability and pathogenicity or host preference has been reported in many plant pathogenic fungi5, 12, 22) . For example, Welz et al. 22 ) demonstrated the variation of Isozyme patterns in races of Cochliobolus carbonum from corn in North California. In P. brassicae, although Liehr and Grunewaldt11) first described on the isozyme variations of field populations in connection with their pathogenicities, they examined the variability of a small number of enzymes between only two populations.
In the present work, genetic variabilities of isozymes and cellular soluble proteins in 15 field populations of P. brassicae from Japan were investigated in connection with pathogenicity. In this paper, the term field population was used for a mass of P. brassicae resting spores collected from a single field.
MATERIALS AND METHODS

Populations.
We tested 15 field populations of P. brassicae in this work (Table 1) . These populations were obtained from clubroot galls of Chinese cabbage, cabbage, cauliflower, and broccoli which were collected at 15 fields in seven prefectures of Japan. Among 15 (Table 3) .
Many putative alleles were detected for these eleven enzymes. Fifteen populations were able to be grouped into 7 electrophoretic phenotypes (ETs) on the basis of the isozyme variability (Table 3) . Eight populations (HA1, HA2, HA3, YAEX, HGND, GMIB, GMSK, and GMKT) showed a common banding pattern for 11 enzymes and were assigned to ET 1. On the other hand, the population YAYH was clearly different in banding patterns of 6PG (Fig. 1) was calculated to be 0.07 in minimum between these two clusters (Fig. 3B) .
DISCUSSION
Among 20 enzymes that we evaluated, 15 enzymes showed activity with acceptable band resolution. Eleven enzymes were polymorphic, while other four were monomorphic. Liehr and Grunewaldt11) reported that isozyme banding patterns were different for PGM, ACO, PGI, and diaphorase (DIA), and not different for IDH between two populations of P. brassicae. This report gives an agreement to a part of our results (not tested for DIA). Our results indicate that seven ETs were present among 15 populations tested. Cluster analysis revealed two clusters between the population YAYH and other 14 populations in dendrogram.
The population YAYH belongs to Williams' race 9,
shows the relatively weak virulence to common (clubroot-susceptible) cultivars of Chinese cabbage, and hardly attack many cabbages20). On the other hand other 14 populations belong to race 4 or race 1, and generally show the high virulence to many crucif ers including cabbages19,20,unpublished data). Accordingly the population YAYH has a very unique pathogenicity and is clearly different in pathogenicity from other 14 populations. The present results also indicated that there was a clear difference in isozyme patterns between the population YAYH and other populations, suggesting that the unique populations such as YAYH are distinguishable from other populations by isozyme analysis. On the other hand, other 14 populations were closely located within a genetic distance of 0.05 in the dendrogram and eight of them were assigned to the same ET in spite of collections from different five locations. The result suggests that these 14 populations are genetically related each other and that are not always distinguishable by the isozyme analysis.
P. brassicae is an obligate parasite and is unable to be cultured on artificial nutrient media. We used field populations in the present work. However, possibilities of distribution of multiple races in a single field and the mixed infection of a single plant by multiple races have been suggested by some workers3, 4, 8, 9) . Each of populations tested might be not homogenous genetically. In addition, only one population of race 9 was examined in the present work. Therefore, we could not determine whether race 9 was distinguishable from races 1 and 4 by the isozyme analysis. The single spore inoculation technique for obtaining genetically homogenic resting spores of P. brassicae was established recently by Kageyama et al.9) . Such homogenic resting spores originated from a single spore should be used for characterization of race 9 by the isozyme analysis as well as additional populations of race 9.
In the present work, four pathogenic populations (YAYH, NGN, GMSK, and GMKT) and 11 nonpathogenic ones to CR cultivars of Chinese cabbage were compared by isozyme analysis (Table 1) . However, it was concluded that these two groups of popultions were undistinguishable with the isozyme analysis, because no band unique to pathogenic populations was detected and three of four pathogenic populations were included to a same cluster with all of nonpathogenic populations in dendrogram. Although pathogenic and nonpathogenic populations to CR cultivars mean just the presence of physiologic races in this fungus, these two groups of populations are also undistinguishable each other by race identification systems of Williams23) and Buczacki et al.4), as described by Yoshikawa26). Differentiation of these pathogenic and nonpathogenic populations becomes an important problem for breeders of cruciferous vegetables in Japan. Use of DNA analysis such as restriction fragment length polymorphisms and random amplified polymorphic DNA method may be effective in order to resolve this problem. 
